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1 TITLE OF THE INVENTION 

MONOCLONAL ANTIBODY AGAINST INTRANUCLEAR 
NONHISTONE PROTEIN 

2 CLAIMS 

(1) A monoclonal antibody which migrates from a cytoplasm to a nucleus together 
with an intranuclear nonhistone protein high-mobility group- 1, 

(2) A cloned hybridoma cell which is capable of producing a monoclonal antibody 
capable of migrating from a cytoplasm to a nucleus together with an intranuclear 
nonhistone protein high-mobiUty group- 1 . 

(3) A method for producing a monoclonal antibody against an intranuclear 
nonhistone protein high-mobility group- 1, comprising the steps of: 

forming a hybtidoma between an antibody-producmg cell of a mammal 
umnunized with the intranuclear nonhistone protein high-mobility group-l and a 
myelomatous cell; 

cloning the hybridoma to select an antibody against the intranuclear nonhistone 
protein high-mobility group- 1; 

proliferating an obtained clone in a mammalian abdominal cavity or in a culture 
medium to produce an antibody againgt the mtranuclear nonhistone protein high- 
mobilxty group-1 in mammalian ascites or in the culture medium; and 

separating and recovering the antibody. 
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3 DETAILED DESCRIPTION OF THE INVENTION 
[Industrial Field of Application] 

The present invention relates to a monoclonal antibody a^^amst an intranudeax 
nonhistone protein high mobility group- 1, and more particularly to a monoclonal 
antibody which is specific to an intranuclear nonhistone protein high mobility group- 1 
(hereinafter abbreviated to HMG-l)^ a cloned hybridoma cell which is capable of 
producing the monoclonal antibody and a method for producing the monoclonal 
antibody. 

HMQ-1 is one of the few nonhistone proteins which are purified uniformly and 
whose amino acid sequmccs arp known, HMO-1 has been found in various types of 
cells of various kinds of animals. HMG-1 has a property of binding to a DNA, a 
histcne H-1 or the like, and is localized in a linker region of a nucleosome. A 
biological function of an HMG-1 is beiievejd to be involved in transcription to BN'A, 
DNA replication or the like in the nucleus of a cell. Also, HMG-1 has been known to 
have a property of migrating directly into the nucleus whea introduced into the 
cytoplasm of a ceU« 

Since almost all the genetic information is stored in a nucleus, it is firstly 
important to allow the substance to migrate into the nucleus in order to directly affect 
the information using a substance. A monoclonal antibody which migrates togettier 
with EM&l from a cytoplasm to a nucleus is useful in investigating the intranuclear 
function such a£ transcription to RNA, DNA replication and the like. In addition, it is 
also useful in determining the HM&l content directly. Moreoven it provides a usefiil 
means for puri^ng HMG- 1 . 

[Prior Art] 

A hybridoma of a splenocyte and a myelomatous cell is described in references, 
such as Koehler et al.. Nature 2^1 435 (1975), Eur, J. Immunol. 511 (1976), Milstein et 
al.. Nature, 266, 550 (1977) and the like. Since thm, subsequent references also have 
been reported many monoclonal antibodies to antigens such as human insulin (Japanese 
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Patent Laid-Opea No. Sho 60-57253) and interleufciii-2 (Japanese Patent Laid-Open No. 
Sho 60-51121). 

However, an anti-HMQ-l monoclonal antibody having a property of migrating 
from a cytoplasm into a nucleus has not been reported wHen coexisting with an HMG-1 , 

[Means to Solve the Problems] 

The present invention provides a monoclonal antibody exhibiting the specificity 
to an HMG-l^ a hybridoma clone capable of producing the monoclonal antibody and an 
anti-HMG-1 monoclonal antibody produced by the clone. 

The monoclonal antibody of the present hivention comprises an immunogloblin 
such as IgA. 

The hybridoma clone of Ihe present invention is selected as a clozie which 
produces an antibody exhibiting the specifidty to an HMG-1 by preparing hs^jridomas 
of myelomatous cells and antibody-producing cells in the spleen or the lymph node of a 
mammaiian animal, in particular, a mouse^ a rat or the like, immunized with an HMG-1 
modified chemically with a modifier such as trinitrophenol (hereinafter abbreviated to 
TNP) followed by culturing and cloning the hybridoma clones. 

The HMG-1 may, for sample, be one derived from a tissue or cell of a higher 
animdi such as a human and a bovine. 

In order to use an HMG-1 as an antigen, the HMG-1 is purified. Purification of 
an HMG-1 is described in a reference. A method employed herein can be one described 
in Sanders, C, Biochim. Biophys. Acta. 21, 1034-1042 (1977). The purified HlsylCr-l 
can be modified chemically for the purpose of enhancing its antigenicity, using a 
method described in Garrey, J. S. et al., Methods in Immunology; A Laboratory Text for 
Instruction 8l Research, 3rd Ed., 153-158, Addison - Wesley Publishing Co., Rejading 
MA It is preferable that the modified HMG-1 is dissolved in, for example, 
physiological saline or a buffer, and given in a dose of 10 to 100 p,g to each animal in 
the case of a mouse or a rat. The immunization procedure is accomplished in several 
steps, and conducted with an adjuvant except for the final immunizing step. The ' 
immunization is perfomied at an interval of about one to two weeks. In the final 
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immunizing step, the HMG-1 is dissolved in physiological saline or the like without any 
adjuvant, and injected intraperitoneally or intravenously. While an animal to be 
immunized is generally a mouse or a rat, it is detemiinedi in accordance with the tumor 
cell line employed for cell fusion, and a BALB/c mouse which does not produce 
immunoglobulins is employed frequently among mice. Two to four days after the final 
immunization, the lymph node or the spleen is taicen out and the lymphocytes obtained 
are subjected to oeD fusion. 

The tumor cell lines employed for cell fusion are for example P3-X63-Ag8-Ul 
and SP2/o-Agl4 which do not produce immunoglobulins. It is appropriate that 
lymphocytes are used preferably in an amount of 5- to 20-fold access of myelomatous 
ceHs in perfonning ceU fiision. After washing with a OMEM medium, an RFMI 1 (340 
medium or physiological saline^ the lymphocytes and the tumor cells are pelietized by 
centrifiigation. After loosening the pellets, a polyethylene glycol (hereinafter 
abbreviated to PEG) is added to carry out cell fusion. A PEG having a mean molecular 
weight of 1,000 to 8,000 is usually employed in a volume of O.S to 2 ml as a 40 to 
60% solution. It is also advantageous to add a small amount of dimethyl sulfoxide as a 
&8ion accelerator upon adding the PBG. After adding the PEG solution to the oells and 
conducting the fusion reaction for 1 to 10 minutes, 10 to SO ml of a DMEM medium or 
an RFMI 1 640 medium is added portionwise to tenmnate the reactioa Immediately 
after completing the fusion reaction, the mixmrc is caitrifuged to remove a supernatant. 
The cells arc suspended in a DMEM medium or an RPMI 1640 medium containing 5 to 
20% fetal caJf serum (hereinafter abbreviated to PCS), and poured into a 96-well culture 
plate at a cell density of 1 x 10^ to 5 x 10^ lymphocytes per well. Then the mediuun is 
replaced portionwise with a HAT medium, which is a DMEM medium (or an RPPvU 
1640 medium) containing hypoxanihine (I x 10"^ M), thymidine (L6 y. IQ'^M) and 
aminopterin (4 x 10**^ M). The replacement with the HAT medium is perfonned usually 
by adding an HAT medium on the following day in a volume equal to an initially 
poured volume to the culture plate followed by replacing a half volume with the HAT 
medium at an interval of two to three days. On the 10th to 14th day after the fusion, the 
replacement with an HT medium without aminoptmn is continued at an interval of 2 to 
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3 days. A culture supernatant exhibiting a vigorous prolife-ation of a fiision cell 
(hybridoma) in a well is analyzed by various methods such as RIA and ELIS A, 
whereby selecting the intended annbody-producdng hybridoma. The resultant 
hybridoma which produces an antibody having an anti-HMG*l antibody titer is then 
oloned for example by a method of picking a colony up from an agar medium or by a 
limiting dilution method. The cloning is repeated twice or more in any of the mcthqds> 
whereby establishing a monoclone. The clone thus esEtablished is subjected to an in 
vitro or in vivo culturing, whereby obtaining the monoclonal anti-HMG-1 antibody. 
The intended monoclonal antibody can be recovered by a purification method such as 
salting out or ion exchange chromatography from the culture supernatant of the clone 

Guhurc described above. Als»o^ the anri-HMG-1 -producing hybridoma is implanted 
intraperitoaeally to a tissue-compatible animal to allow the hybridoma to proliferate 
therein, whereby the monoclonal antibody produced in the ascites of the animal can be 
purified and isolated. 

According to the present method, a monoclonal antibody capable of binding to a 
human HMG-l can be produced. 

Also, according to the present method, IgM whose molecular weight is about 
900,000 and other types of immunoglobulins whose molecular weights are around 
160,000 can be produced, 

[Function] 

TTie monoclonal antibody of the present invention can form a complex: by- 
binding to an HMG-l by an antigen-antibody reaction. The coroplc!?^ when bdixs 
injected into a cell, penetrates through the nuclear membrane and migrates into the 
nucleus. 

A method for injecting a substance into a cytoplasm may for example be a direct 
Injection Imo a cell using a micropiperte (Graessmann, M et al., Proc. Natl. Acad. Sci. 
US. 366 (1976)) or a method utilizing an erythrocyte ghost (Hirosawa. M. et al.. 
Nature 249, 449 (1974)). In such method, the localization of the substance in a cell can 
be distinguished by labeling the substance previously with a radioisotope or a 
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fluorescent pigment. At a certain time aAer injecting the labeled substance into a 
cytoplasm, the cell is separaied inio the cytoplasmic fiaction and the nuclear fraction. 
The amount of the labeled substance is quantified for each of the fractions, whereby 
investigating the localization of the substance in the cell. The method for fractionjation 
of a ocU is dcsoribod in Yamaizumi, et al., Nature 273, 782-784 (1978). While no 
migration of a labeled substance from a cytoplasm into a nucleus is observed when the 
anti-HMG-1 monoclonal antibody developed herein alone is injected into the cytoplasm, 
the phenomenon of migration of a labeled substance into a nucleus can be observed 
when the monoclonal andbody is previously nuxed with an antigen HMG-1 to carry out 
a sufBcibnt reaction prior to injection into a cytoplasm. 

Tlie present invention is described in detail by the following Examples. 

EXA]Vfl>LEi 

According to the description by Garvey> IS, et al,, Methods in Immunology: A 
Laboratory Text for Instruction & Research, 3rd Ed., 153-158, Addision-Wesley 
Publishing Co., Reading MA^ one molecule of a bovine HMG-1 (derived from bovine 
thymus) was bound chemically to 6 molecules of TNP to form a TNP-modified HMG-1 
protein, and 50 |ig of the protein was mbced with complete Freund's adjuvant and 
injected intraperitoneally to a 8 week-old BALB/c mouse. After 10 days, the injection 
of 50 )ig of the same protein mixed with incomplete Freund's adjuvant was injected 6 
times at an interval of 10 days. 50 jig of the HMG-1 protein was given as a booster 10 
days after the final sensitization. After 4 days, splenocytes were taken out from tlae 
mouse, and subjected to cell fusion with SP2/o cells using 45% (W/V) PEG 4,000 and 
15% (WAO dimethyl sulfoxide. After the cell fiision, the cells were poured into a 96- 
well culture plate and cultured in an HAT medium. The cells were proliferated for 
14 days in the HAT medium, and then transferred gradually into an HT medium. An 
antibody-producing hybridoma was selected by RIA. Specifically, a polyvinyl chloride 
microtiter plate coated with 0.2 mg/ml of the HMG-1 and then with 2% fetal calF serum 
was washed with physiological saline. Thereaft^, the wells were filled with 100 fol of a 
hybridoma culture supernatant, and allowed to stand at 40''C overnight. After the plate 
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was washed with physiological saline, ^^^I-labeled anti-mouse IgG rabbit IgG Fab 
g.^^ts added, and then allowed to stand at room temperature for 4 hours. The 
plate was washed again with physLoIogical saline and dried completely, and the 
radioactivity was deterrnined using a y-oounter. A radioactivity-positive hybridoma. i.e. 
a hybridoma producing the anti-HMG-l antibody, was cloned twice bj/ a limiting 
dilution method, whereby obtaining a hybridoma producing the monoclonal antibody 
according to the present invention. 

Three positive hybridomas, namely, FR-1. FR-2 and FR-3 were obtained by the 
procedure described above. 

One of the resultant hybridomas, FR-U was injeaed intraperitoneally to five 

BALB/c mice, and 10 ml of an ascites contalmns the monoclonal antibody was 
obtained after 1 0 days, 10 ml of the ascites obtained was centrifuged to collect tbe 
supernatant, and a 0.7-fold volume of 100%-saturated ammonium sulfete w^as added 
thereto, and then centrifuged at 4°C and 2000 x g for 10 minutes. The precipitate was 
washed thre^ times with a 40%-saTuraied ammonixmi sulfete, dissolved in 10 mM 
EDTA, and dialyzed against 20 raM phosphate buflFcr (pH 8.0). After the dialysis, a 

separation was conducted on a DEAE cellulose column equilibrated with 20 mKJ 
phosphate buffer (pH 8.0). Specifically, a protein was separated using a linear 
concentration gradient from 20 mM to 0.3 M phosphate buffer. 15 mg of the anti- 
HMG-l monoclonal antibody was duted at about 0.2 M phosphate buffer 

An FR-1 -producing antibody purified by a two-dimensional diffusion method 
was confirmed to be of IgA type. A column chromatography on Sephadex G.20O (1 .5 
X 80 cm) was employed for deducing the molecular weight. The FR-l-producing 
monoclonal antibody and IgG whose molecular weight was about 150,000 were 
recovered in the sarne flection. The molecular weight of the monoclonal antibody was 
deduced to be about 1 70,000. 

The purified monoclonal antibody bound not only to bovine HMG-1 employed 
as an antigen but also to human HMG-1 . Specifically, when HMG-1 purified fiorxi 
human cultured cells, i.e., FL cells, was labeled with and the purified monoclonal 
antibody was bound to Sqpharose to perfonn an iramunoprecipitation, which resulted in 
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transfer of radioactivity to the precipitation with Sepharose. 
EXAMPLE 2 

The ^^^Wabeled anti-HMG-1 monoclonal antibody was aflowed to stand at 4 °C 
overnight with or without the HMG-1, and then iigected into EL cells by an erythrocyte 
ghost method. Specifically, an erythrocyte ghost containing 1.4 p-g/ml of the 
labeled anti-HMG-I monoclonal antibodies and 22 mg/ml of the UMG-1 or an 
erythrocyte ghost containing 1.4 |xg/ml of the monoclonal antibodies and 2.2 mg/ml of 
ovalbumin was subjected to fusion with FL cells in the same cell number using Sendai 
virus. After the fusion, the cell mixture was washed three times with a 10% fetal calf 
5cnxm-contaixuzig MEM medium ^hereinafter abbreviated to 10 CS-iAEM), suspexided 
in a solution of 155 niM NH^Cl, 10 mM KHCO5, ImM Na^-HOTA (pH 7.0) and 
allowed to stand ai 0 for 7 minutes La order to completely remove the non-fiised 
etytbrocyte ghost. The FL cells were washed again with IOCS-MEM, and then cultured 
in IOCS-MEM. 

30 minutes, 1 hour and 6 hours after the fijsion, the cells were suspended in 
trypsin and EDTA and then recovered. The cells were washed once with a solution of 
20 mM KCl, 5 mM MgCb, 50 mM Tris (pH 7.6), and then homogenized in a solution 
of 0.5% Triton X-100, 10 raMNaCl, 1.5 raMMgCb, 10 mM Tris (pH 7.4), centrifuged 
to separate into the supernatant and the precipitate. The supernatant was employed as a 
cytoplasmic fraction, and the precipitate was employed as a nuclear fraction. When the 
^^^T-labeled monoclonal antibody was injected together with the into the FL 

ceUa, 15% of the injected radioaccmty was presem in the nuclear fraction after 30 
minutes, which was increased to as high as about 25% of the radioactivity present after 
1 hour, and maiatained at that level ft»r 6 hours. On the other hand, the ^^Wabeled 
monoclonal antibody introduced alone into the cells resulted in only 2 to 3% of the 
introduced radioactivity present in the nuclear fractioa This example demonstrated that 
the monoclonal antibody of the present invention migrates together with HMG-1 rather 
than alone into a nucleus. 
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[Effects of the Invention] 

Since the monoclonal antibody according to the present invmtion can migrate 
into the nucleus by forming a complex with an intranuclear nonhistone protein and 
penetrating through the nuclear membrane, the monoclonal antibody is use&l in 
investigating the behavior of the intranuclear nonhistone protein in a celi» especially 
near the nuclear membrane, so that the mopodonal antibody of the present invention is 
considered to be useful as a reagent for a diagnosis of a living body on a cellular basis. 

Applicants; TOYO SODA MFG CO.. LTD. 

Takeshi UCHID A 
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